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I ntroduction

This implementation plan addresses the selected technology for the Dairy Best Available
Technologies (BATSs) in the Okeechobee Basin. It provides the rationale and objectives
for the selected technology, vendor information, applicable maps, and technical data for
the proposed technology associated with each dairy; schedules and timelines for
engineering and construction; and discussion of permitting issues. This plan requires
approval from the Technical Review Team (TRT) prior to the start of construction.

Rationale and Objectivesfor Selected Technology

The rationale and objectives behind the project were to identify a technology or a
combination of technologies that will provide the highest probability to achieve the goal
of reducing phosphorus (P) discharge concentrations from the participating dairies to 40
micrograms per liter (ug/L). Once selected, the technology should be implemented to the
maximum extent possible within the project budget to determine the actual P reduction
that can be achieved per dollar spent. The previous task reports (2.6, 2.10, and 2.11)
described the process of evaluating and selecting the technology in detail. In summary the
selection criteria included the following:

Ability to reduce P to target levels

Capital costs

Operation and maintenance (O&M) costs
Compatibility with existing farm practices
Dairyman acceptance

M NS

The ultimate goal for the project is to reduce P exports from the participating dairies
while determining the actual cost effectiveness of the technology, which is needed for
determining its feasibility for future use across the region.

The literature review and evaluation of the various technologies (Tasks 1.3 and 2.10)
determined that the edge-of-farm (EOF) treatment of stormwater by use of

retention/ detention (R/D) and chemical treatment has the highest probability to achieve
the project goal and objectives.

Description of Selected EOF Technology

Figure 1 provides a conceptual view of the EOF system. The system is designed to collect
and divert as much surface and groundwater flow as possible from the high P source
areas on a dairy to a stormwater R/D pond and chemical treatment. The system has the
following four major components:
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Land source areas needing runoff treatment

System of ditches and dikes to collect and divert runoff to the treatment system
R/D pond for storing water for treatment and reuse on farm

Chemical treatment system for discharge from the R/D pond
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Figure 1. Conceptual Design of EOF System

The R/D pond will provide some wetland treatment, but will serve primarily as a surge
buffer for chemical treatment of any offsite discharge and storage for water reuse on the
farm. Chemical treatment (aluminum or iron flocculation) of the impoundment discharge
will occur at the end of the R/D pond farthest from the inflow to reduce P concentrations
as much as possible due to wetland interactions before a chemical treatment is applied.
The impoundment discharge will be injected with an iron or aluminum salt as it flows,
via pump or gravity, into a sump/basin sized to ensure complete flocculation and settling
prior to final discharge from the property. The chemical treatment system will operate
only when the storage capacity of the system is exceeded or to recover storage capacity
prior to a subsequent storm event.

Preliminary Cost Analysis of EOF Technology

The economics of a conceptual design were evaluated by Soil and Water Engineering
Technology, Inc. (SWET). This analysis indicated that an EOF system could achieve the
P reduction goals, but at a cost that exceeded the available funds. The two factors that
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cause the system to exceed available funds are high retention volume requirements to
ensure treatment of all runoff, and high chemical costs for achieving 40 pug/L of P in
discharged water. The extensive dikes needed to capture and retain the infrequent large
stormwater events cause the high costs. If these large storms are not captured, then any
runoff greater than the R/D storage volume would have to be bypassed (i.e., not treated).
The fraction of untreated runoff will dilute the treated water, raising the average P
concentration in the discharge.

The second constraint mentioned above is the high chemical demand for reducing P
concentrations to 40 pg/L of P. Chemical demand for P removal increases exponentially
as P removal rate increases. Therefore, the amount of chemical required to remove the
first 50 percent of P probably will be considerably less than that required to remove the
last 10 percent (i.e., going from 90 to 100 percent removal). In relation to the anticipated
P concentrations to be treated, this means that the last 50 ng/L of P reduction probably
could require as much chemical as the first 1,000 pg/L of reduction. Preliminary
estimates for chemical costs indicated that the dairymen might not be able to afford
treatment to 40 pg/L of P, but that tremendous reductions could be achieved for an
acceptable cost.

The preliminary design and cost estimates indicated that the EOF systems that could be
built for the available funds ($575,000 for engineering and construction) and that would
meet the dairymen’s O&M requirements would achieve a P concentration reduction to
about 120 to 380 pg/L (90 to 80 percent reduction) on a long-term average. For
individual years, the P reductions could range from 70 to 100 percent of achieving the
targeted goal of 40 ng/L. Although the current funds will only allow the original goal to
be achieved for a few dry years, the overall P reduction, even for wet years, will be
tremendous. This is particularly true when considering that the proposed systems will
also be reducing net runoff in addition to P concentration; the P load reductions will be
greater than the P concentration reductions indicated previously. If water reuse is
implemented on the farm, then runoff could be reduced from 5 percent (wet years) to 50
percent (dry years). Due to limited funds, water reuse will be implemented only at Butler
Oaks and Dry Lake Dairies. The proximity of the retention pond and the third stage
ponds makes water reuse inexpensive at these two dairies. Water reuse will be considered
in the future for Davie Dairy if funds are available.

The primary goal of this project will be to reduce P loads while determining the actual
construction and O&M costs and P removal efficiencies for these EOF systems, so that
true cost efficiency relationships can be developed. Such relationships are critical for
determining the future applicability of these systems for P control in the Okeechobee
Basin.

Vendor Selection for Engineering and Construction

Once the technology was selected, vendors were selected that could complete the
engineering design and construct the EOF systems. Three vendors were selected based on
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their similar qualifications and unit cost proposals. One vendor was assigned to each of
the three participating dairies based on their previous experience with the dairies. The
vendor contacts for each of the participating dairies are as follows:

Butler Oaks Dairy
CDM Engineers & Construction, Inc.
Mr. Dean Carter, P.E., Project Manager
2301 Maitland Center Parkway, Suite 300
Maitland, FL 32751
Phone: 407-660-2552

Davie Dairy
Environmental Research & Design, Inc.
Mr. Jeffery L. Herr, P.E., Project Manager
3419 Trentwood Boulevard, Suite 102
Orlando, FL 32812
Phone: 407-855-9455

Dry Lake Dairy
Engineering & Water Resources, Inc.
Mr. Brian R. McMahon, P.E., Project Manager
851 Johnson Avenue, Suite 214
Stuart, FL 34994
Phone: 772-781-6408

Engineering and Design Vendor Reportsfor Participating Dairies

The EOF implementation vendors have completed their 100 percent design reports for
their respective dairies (Appendices A, B, and C for Butler Oaks, Davie Dairy, and Dry
Lake Dairy, respectively). These reports provide the conceptual design, final construction
drawings, and estimates of the system’s performance and costs. The designs presented
have been reviewed by the dairymen and modified to meet their needs. Although
conceptually similar, the three designed systems have a number of unique features
specific to the layout and management requests of the respective dairies.

Butler Oaks Dairy EOF System

The Butler Oaks Dairy EOF system has been designed and will be constructed by CDM,
Inc. CDM’s detailed design report is provided in Appendix A. The EOF system is similar
to the Davie Dairy system in that stormwater will gravity feed into the water storage
areas, but the layout and runoff delivery to the R/D pond is different from Davie Dairy.
The Butler Oaks Dairy requires significantly more diversion ditches upstream of the
retention areas to allow for the separation of runoff from low nutrient lands and offsite
areas from the dairy’s more P-laden runoff that needs treatment. As seen in Figure 1.1
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included in Appendix A, the dairy is divided into two separate tracts. The west tract (west
of County Road 721) is low use hayland and beef pasture, which is anticipated based on
low P soil tests to have low P runoff. The east tract (east of County Road 721) contains
the main dairy activities, including the milk center, milk herd pastures, calf barn, and the
sprayfield. The flow from the west tract is mixed with runoff from the neighboring B-4
dairy and wetlands west of the tract before coming onto the east tract. This on-flow does
contain moderate P levels, but it is estimated that only about 20 percent or less of the P
would be from Butler Oaks Dairy’s west tract based on the land use and acreage of
contributing areas. Initial design analyses considered including this inflow in the
treatment system; however, the cost of the system would exceed the available budget.
The system has therefore been designed to treat the water from just the east tract.

Because of the availability of a low-use land (woodland) on the lowest elevation portion
of the dairy at its east end, the storage requirements can be met with a gravity inflow
system. Shallow storage depths and quicker storage recovery in the R/D area are
important for protecting the existing oak trees in the area. The more rapid drawdown after
a storm event will decrease the water reuse potential for this system. The gradients are
not sufficient to gravity feed the chemical treatment system; therefore, a pump will be
required to lift water into the treatment system. This pump can also be used to pump
water into the waste storage pond for water reuse.

Western Portion of the Butler Oaks Dairy Project Site ~ (Appendix A: Figure 3-2):

Reshaping of the existing bypass will be done to allow the on-flow from the west tract to
bypass the east tract and its treatment system. This bypassed water is being diverted
because its P concentration is much lower than the east tract’s P levels and only a fraction
of the P in the on-flow originates from the dairy’s west tract as explained previously. The
bypass water will follow the existing canal running along the south side of the east tract.

Eastern Portion of the Butler Oaks Dairy Project Site  (Appendix A: Figure 3-3)

To collect the east tract runoff and isolate it from the bypass water from the west tract, a
new treatment system collection ditch will be constructed parallel to the existing south
canal. This new ditch will connect to the existing north/south (N/S) sprayfield ditches to
collect all runoff from the irrigated fields, which currently receive water from the waste
storage pond. The new treatment system collection ditch will continue to flow east to the
R/D area, which can then be pumped through the alum treatment system. A berm will be
constructed around the perimeter of the R/D area . The berm will have a 2-foot freeboard
over the control elevation of 31.0 feet National Geodetic Vertical Datum (NGVD).
Stormwater from the pastures and road on the north side of the eastern tract will be
diverted along the south side Boat Ramp Road in the improved road ditch to a point just
east of the existing culvert under the road (monitoring site 41B, note culvert will be
plugged). At this point, a new north/south ditch from the road ditch to the “center” ditch
east of the milk barn will be constructed to transfer drainage water to the “center” ditch.
A culvert and flapper gate from the “center” ditch to an internal drainage ditch within the
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R/D area will allow water from the “center” ditch to drain into the R/D area when water
levels in the “center” ditch exceeds the level in the R/D pond. The water that flows to the
R/D internal ditch from the center ditch will be pumped the treatment system via lift
pump located on the south side of the 3™ stage waste storage pond. This internal ditch is
used to ensure adequate dewatering of the oaks in the R/D area.

The stormwater treatment system uses a single lift pump, alum chemical injection system,
large flocculation/settling pond, and sludge de-watering area. Discharge from the settling
pond is piped to the existing south boundary ditch just upstream of monitoring station
41A. An emergency overflow is located between the R/D storage area and the existing
outfall canal at an elevation of 31.5 feet NGVD. Three independent models were used to
simulate runoff and treatment for the Butler Oaks Dairy EOF treatment system. Each of
the three model simulations indicated that for the project study area, a 90-percent
treatment rate of all (average-year) runoff can be expected.

Also, because the dairyman initially preferred not to use alum as a chemical flocculent,
the treatment system was initially designed using iron salts. There were concerns about
land-spreading alum sludge; however, the dairyman has agreed to use alum as long as a
reasonable land application or offsite disposal sludge program is provided.

The Butler Oaks Dairy was also the only dairy with threatened and endangered species
issues. As part of the design effort, a species survey was conducted and a small family of
gopher tortoises was found in the area of the proposed dike. These tortoises will be
moved prior to construction. No wetland disturbance issues were found; therefore, no
U.S. Army Corps of Engineers (USACE) permits are required.

Davie Dairy EOF System

The Davie Dairy EOF system has been designed and will be constructed by ERD, Inc.
ERD’s detailed design report is provided in Appendix B. The dairy has a unique
topography that allows the stormwater R/D pond to be created by slightly increasing
stages in the headwaters of Nubbin Slough. This feature allows the area to be filled by
gravity with a minimum amount of diking. The steeper gradients in the lower section of
Nubbin Slough near the property border allow for gravity delivery of water to the
chemical treatment system. Although the topography allows for a gravity-fed system, the
storage volume within the R/D pond could only hold about 0.3 inch of stormwater runoff.
Therefore, ERD designed the chemical treatment system to handle a higher peak flow
rate to allow the system to treat 100 percent of the runoff from storms up to 3.5 inches. A
unique variable speed injection and mixing system will be used to provide a consistent
concentration and mixing. The system was initially designed with three unique shallow,
above water table, settling ponds to help dewater the chemical flocculent before disposal.
However, costs for such a system were prohibitive and therefore the system was
redesigned with a single deeper flocculation pond. Sludge in the flocculation/settling
pond will be hydraulically pumped into above ground drying beds for sludge dewatering
prior to land application.
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The Davie Dairy EOF treatment system is located at the southwestern corner of the farm
area used for the dairy. The contributing watershed area were initially estimated to
include Basin 2 (687 acres) and Basin 3 (909 acres) for a total of 1,596 acres (Task 2.11
Final Report, Animal Nutrient Management Assessments for Three Selected Dairies for
the Project entitled Dairy Best Available Technologies in the Okeechobee Basin South
Florida Water Management District [SFWMD] Contract No. C-11652). According to the
dairyman and the Department of Agriculture and Consumer Services (DACS), a
culvert/ditch has been blocked by the neighbor just north of where historical flow entered
Basin 3 from the north on the east side of Berman Road (see the Watershed Map in
Appendix B). However, recent monitoring appears to indicate that additional flow is
entering Basin 3. Therefore, the treatment system had to be increased at a late stage to
handle this additional water. The design provided in Appendix B accounts for this
additional water. Another offsite inflow coming from the west of Basin 3 will be
diverted around the treatment system, if the budget allows. The diversion is a lower
priority than the R/D pond and chemical treatment system.

An earthen berm and three corrugated metal pipe (CMP) culverts with flashboard risers
will be constructed across the slough to create a small R/D area. This R/D area is simply
used to divert water to the chemical treatment system, and not to retain water. A pipe
extends from the slough upstream of the culvert structure to deliver water to the alum
treatment system. The water flow rate would be measured by a flowmeter producing a
4-20 milliampere (mA) output. The 4-20 mA output would control the speed of the alum
and buffer feed pumps to maintain constant chemical doses at different water flow rates.
The system is expected to achieve treatment of most runoff (90% +) in an average annual
rainfall year.

The alum-treated water would enter a large floc-settling cells designed with sufficient
time to allow the floc to settle. The treated supernatant would discharge by gravity
through a pipe into the slough downstream of the three culverts. The accumulated alum
floc is approximately 95 to 99 percent water. Because there is no sanitary sewer system to
receive the wet alum floc, the floc should be dewatered to the maximum extent possible
in a neighboring dry bed. The dewatered solids will be land applied on the dairy. A
front-end loader or other heavy equipment would be used to remove the dewatered floc
from the drying cell. On the basis of a total annual water volume of 872 acre-feet (ac-ft)
in an average year, 1.45 ac-ft of wet floc (5 percent moisture) or about 390 cubic yards of
dry floc (30 percent moisture) will be generated once every 2 to 6 months.

The construction of the R/D pond dike and control structure requires a USACE wetland
permit. The permit has obtained. No other permitting issues have been noted.

Dry Lake Dairy EOF System

The Dry Lake Dairy EOF system is being designed and constructed by EWR, Inc. EWR’s
detailed design report is provided in Appendix C. The Dry Lake Dairy system is a more
conventional R/D pond storage type system. The R/D pond will have a perimeter dike
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around its entire perimeter and will require a large low-head lift pump to deliver runoff to
the pond. The system requires a new diversion ditch to deliver stormwater from the
eastern side of the milk center and high-intensity areas (HIAs) to the R/D pond (see
Surface Water Runoff Collection figure in Appendix C). Some ditch blocks north of the
farm’s sprayfield are needed to divert runoff currently leaving the property to the east of
the treatment system.

The Dry Lake Dairy property encompasses 1,241.5 acres. Core dairy operations including
feed barns, milking parlor, HIAs, lagoons, and the waste storage pond account for
approximately 30 acres. The remaining 1,211 acres consist of pastures, hayfields, land
application areas, and farm worker houses. Several existing ditches located throughout
the farm collect surface water runoff. The primary discharge point is located just north of
the southwestern corner of the farm (SFWMD sampling point KREA 32B). Two other
minor discharge points are located on the southeastern (SFWMD sampling point

KREA 49A), and northeastern (SFWMD sampling point KREA 32C) corners. These
locations are shown in Figure 6-1, Task 2.11 Final Report.

The EOF treatment system selected for this dairy consists generally of a traditional
surface water management system followed by chemical treatment. It includes 2,600 feet
of ditch, a 48-acre aboveground surface water impoundment, a 13,200-gallon-per-minute
(gpm) drainage lift pump, a gravity based alum feed/mixing unit, and a final
flocculation/settling pond. The system, located just upstream of KREA 32B, has been
designed to capture on a long-term average about 82 percent of the surface water runoff
from the remaining 1,163 acres (1,211 acres minus 48 acres for the R/D pond) of farm.
To enhance runoft capture, the plan also proposes to stop the Dry Lake Dairy discharge
through KREA 49A by installing a flashboard riser at the property line. The technical
specifications of the system design and components of the system are shown in the
construction drawings (Appendix C).

The Dry Lake Dairy system has a unique gravity based chemical injection system. An
18-inch culvert from the R/D pond delivers water to the chemical treatment system. The
culvert flow is passed under a 4-foot gate (can also be used to stop flow) to create an
orifice flow condition, which provides a near linear stage to flow relationship. The stage
is then used to control alum injection rate. After alum is injected the flow is forced
through a multi-vaned flow mixer before entering two flocculation/settling ponds. The
bottom of these ponds have under-drains which allow dewatering of sludge in the ponds
during dry periods. A track-hoe will be used to remove sludge material, which will then
be land applied on the dairy.

The dike for the R/D pond goes through existing wetlands; therefore, a USACE wetland
construction permit was required. The permit has been obtained. No other permitting
issues have been noted.
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EOF Permitting I ssues

All permitting issues have been identified and addressed for the implementation phase of
the project. Four permit issues were identified and have been addressed for the project.
The first permit issue was how the project would be integrated into the existing Florida
Department of Environmental Protection (FDEP) permits for the dairies. The second
issue was whether the USACOE wetland impact permits would be required. The third
issue concerned threatened and endangered species, and the last permit issue was whether
a SFWMD Environmental Resource Permit (ERP) would be required.

After discussions with Tim Powell, FDEP West Palm Beach office, it was decided that
the project will be handled on a notification basis until the EOF systems are installed and
evaluated. The cost and performance data for the systems will be used at the end of the
project to determine if the dairymen and FDEP will accept EOF systems into their permit
permanently. This approach will be followed as long as the implemented systems do not
interface with the existing operations that are covered by the dairies’ current FDEP
permits. FDEP will be provided with all design, construction, and as-built information
regarding the technologies as they become available. As a member of the TRT, FDEP
will automatically receive updates, but this will be verified periodically by phone calls.

An operational plan will be developed and mutually agreed upon, based on the reliable
cost and performance information gained during the evaluation phase of the project. This
operational plan will be incorporated into a modification of each dairy’s FDEP permit
after the evaluation period based upon findings. The EOF system will provide the
dairymen with a facility to help meet potential future regulatory requirements.

A preapplication meeting was held with Irene Sadowski, USACE Merritt Island office, to
verify the need for a USACE permit for construction activities in wetlands. Permit
applications for both the Davie and Dry Lake Dairies were submitted in July 2002. Both
permits have been received. The Butler Oaks Dairy system will not have any
construction within a wetland; therefore, a USACE permit will not be required. Soil and
Water Engineering Technology, Inc. will assist the dairies with USACE permits
requirements including annual reports for the first two years of permit, after which no
further reporting required should be needed.

Surveys of threatened and endangered species were done for the project areas on the three
participating dairies. The only identified species of concern was gopher tortoises at Butler
Oaks Dairy along where the R/D pond dike has to be improved. This permit has been
applied for and approved. The transfer of the gopher tortoises will be completed before
construction.

The Dairy BAT project activities will be covered as part of the FDEP dairy permits at the
end of the two-year evaluation period if continued. Additionally, no Environmetal
Reosurce Permits will be necessary. In accordance with section 373.406 (9), F.S., the South
Florida Water Management District (SFWMD) and the Florida Department of
Environmental Protection (FDEP) are authorized to exempt, from Environmental Resource
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Permitting, certain activities, conducted on agricultural lands, that are determined to be
primarily for the purpose of environmental restoration or water quality improvement with
only minimal or insignificant cumulative adverse impact. The Dairy BAT projects have
been reviewed under the section 373.406(9) permit exemption guidelines, and it has been
determined that these projects are exempt from Environmental Resource Permitting.
However, during the construction of the Dairy BAT projects, appropriate pollution
prevention practices must be utilized to minimize water quality impacts to the adjacent
waterbodies.

Estimated EOF Systems Performance

The estimated performance of the three EOF systems is provided in Table 1. These preliminary
estimates provide only a rough estimate of the anticipated performance for the following
reasons:

Jar tests to date do not represent the variability of P and other constituents that are
expected over time.

Change in water quality and resulting flocculation efficiency caused by natural
treatment in the R/D ponds is unknown, but is expected to improve treatment
efficiency.

P concentration of bypassed flow may be different from the assumed average inflow
concentrations.

Rainfall variability from season to season and year to year will significantly change
treatment efficiency, particularly as related to the amount of bypassed runoft.

The first 2 years of operation will be monitored to better define the treatment performance of
the three systems.

The alum sludge from the treatment systems will be land applied. Experts, including Drs.
Mary Beth Hall, UF, Jesse Goff, USDA-ARS, George O’Conner, UF, Phil Moore, USDA-
ARS, and Brian Haggard, USDA-ARS have been consulted as to possible impacts from animal
ingestion and plant growth. These experts indicate that there are no indications of toxic
impacts from animal consumption of alum or alum sludges and ruminate animals would have
the lowest potential effects if there were any. The only concern stated was the potential for
unused alum residuals to tie up P in the gut and limit P uptake by the animals. With proper
treatment system dosing, very little if any alum residuals would be in the treatment sludges, so
P binding would not be considered a problem. To limit ingestion of sludge materials it is
recommended that animals be kept off application areas for two weeks after application.

The influence of the alum sludges on nutrient availability in soils is not well documented.
However, Dayton and Basta 2001 and Basta et al 1999 have indicated that the P in the sludges
might be plant available in spite of the fact that P mobility is greatly limited from the sludges.
In general, it is believed that soil P test (Melich 1) will measure P in the alum sludge materials
in the soils, but as indicated above this P might be available to the plants.
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Table 1. Estimated Performance of EOF Treatment System for Three Project Dairies

ITEM Butler Oaks Davie Dry Lake All Dairies
Year | Dry | Wet | Avg | Dry | Wet | Avg | Dry | Wet Avg | Dry | Wet Avg
System Information
Inflow Volume (ac-ft/yr) 219 | 1093 | 437 | 596 | 1351 | 927 | 505 | 2523|1009 | 1319 | 4966 | 2373
Inflow P Concentration* (ug/L-P) 2000 | 2000 | 2000 | 800 | 800 | 800 | 2000 | 2000 | 2000 | 4800 | 4800 | 4800
% Treated (Less Bypassed Runoff) 100 80 90 | 100 85 90 | 100 75 85| 100 80 88
% Water Reuse 10 5 7 5 0 3 25 5 15 13 3 8
P Concentration Reduction in Pond (%) 15 15 15 5 5 5 20 20 20 13 13 13
Total Outflow P Concentration
(Bypass+Treated)
With Chemical Treatment to 40ppb (ug/L-P) 40 | 432 | 236 40 | 154 | 116 40 530 | 334 40 372 | 229
With Chemical Treatment to 100ppb (ug/L-P) 100 | 480 | 290 | 100| 205| 170 | 100 575| 385 | 100 420 | 282
With Chemical Treatment to 40ppb (% red.) 98% | 78% | 88% | 95% | 81% | 86% | 98% 74% | 83% | 97% | 78% | 86%
With Chemical Treatment to 100ppb (% red.) 95% | 76% | 86% | 88% | 74% | 79% | 95% 71% | 81% | 93% | 74% | 82%
Total P Removed
With Chemical Treatment to 40ppb (Ibs-P/yr) 1196 | 4781 | 2152 | 1266 | 2433 | 1770 | 2771 | 10350 | 4701 | 5234 | 17564 | 8624
With Chemical Treatment to 100ppb (Ibs-P/yr) 1164 | 4642 | 2091 | 1171 | 2241 | 1635 | 2708 | 10049 | 4580 | 5043 | 16932 | 8306

* Based on District dairy monitoring data and limited data collected at the sites since May, 2002.

Final Implementation Plan
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Cost and Performance Comparison

The estimated total engineering and construction costs for the three dairy projects are
provided in Table 2. These costs are based on a total available budget of $575,000
(Engineering to Completion and Construction). The assessment and engineering
averaged about 22 percent of total project costs at each dairy. Detailed breakdowns of
these construction costs are provided in the individual design reports in Appendices A, B,
and C.

Table 2. Costs for Engineering and Construction

Item Costs per Dairy
Butler Oaks Davie Dry Lake
Engineering*
To Date $119,522 $100,357 $115,070
To Completion $135,000 $115,000 $125,000
Construction $ 409,723 $456,575 $448,357
Contingency $30,277 $3,425 $643

* Includes surveying and environmental assessments

The O&M costs shown in Table 3 are higher than initially estimated, because they are
based on the chemical and sludge disposal costs to meet a 40 part per billion (ppb) target
in the treatment system discharge. Initially the Davie Dairy system had the lowest
estimated annual O&M per costs because it is treating the lowest P concentration runoff,
however the project monitoring data have indicated that additional offsite water appears
to be entering Nubbin Slough from the east. This extra water has increased the estimated
O&M costs by about 30 percent. Dry Lake Dairy has the second highest costs because its
system is treating a high volume of water and has a higher estimated chemical dosing rate
for the same level of treatment. The Butler Oaks Dairy O&M costs are the lowest because
it has the lowest volume being treated even though its runoff P concentrations are
relatively high. The data supporting these estimates differ among systems. The Davie
Dairy design estimates an application rate of 15 milligrams per liter (mg/L) of alum to
meet the project goals. The Dry Lake Dairy information uses a treatment of 30 mg/L
alum. The Dry Lake Dairy stormwater was highly colored, and the jar tests results were
not typical. The potential for interference with the floccing behavior from high levels of
dissolved organic matter or other materials will be further explored in the final design and
startup efforts. This effect should be minimized by the pretreatment of runoff in the R/D
pond before chemical treatment.

The Butler Oaks Dairy chemical and sludge disposal costs were initially based on using
ferric chloride because of a specific request by the dairyman. After further discussions
the dairyman agreed to use alum and it is the chemical considered in the presented data.
For consistency the chemical and sludge disposal costs for the Butler Oaks Dairy, as
shown in Table 3, are for alum treatment based on unit costs developed for the other two
dairies. Information supporting its use has developed and is being provided to the
dairyman.
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The floc-sludge disposal (see Note C in Table 3) is assumed to be by land-spreading on
available dairy land. Land-spreading has been verified by FDEP as an acceptable disposal
methodology (letter to SWET dated November 15, 2002, Appendix D). It is one of the
least expensive methods for this nontoxic material. Two potential issues with this method
will be evaluated during the first 2 years of operation:

1. Effectiveness of dewatering for improving land-spreading characteristics of the
sludge

2. Convincing all parties that the P in the spread material will remain stable, i.e. future
runoff of P or aluminum will not be a problem and excessive plant uptake of
aluminum or plant toxicity will not occur.

Table 3. Cost Comparison of Edge of Field Treatment Systems for Minimum, Average and Maximum
Rainfall Conditions.

Renewal / Floc
Rainfall Labor | Chemical | Power | Replacement | Removal &

Dairy Condition | Cost® Cost® Cost Cost Disposal® | Total Cost
Butler Oaks |Minimum $3,000 $35,000 $400 $2,000 $0 $40,400
Davie Minimum $3,120 $35,608 $600 $4,125 $9,036 $52,489
Dry Lake Minimum $3,500 $31,549 $600 $2,500 $3,629 $41,778
Butler Oaks |Average $4,500 $55,000 $4,000 $4,000 $14,000 $81,500
Davie Average $6,240 $55,164 $1,800 $4,125 $13,872 $81,201
Dry Lake Average $5,000 $63,099 $1000 $3,051 $7,232 $79,382
Butler Oaks |Maximum $8,500 $78,000 $6,000 $6,000 $22,000 $120,500
Davie Maximum $9,360 $80,325 $2,400 $4,125 $20,328 $116,538
Dry Lake Maximum $9,500 $94,648 $2000 $6,000 $10,867 $123,015

& Includes labor costs for road, dike, structure, and treatment system maintenance and operation.

® Chemical costs shown are for treatment to 40 pg/l P or less, and would therefore be about 50 percent
less if treatment is to 100 pg/l P.

Sludge disposal costs are based on the assumption that they will be land-spread onsite. If hauled to a
landfill, the costs will increase by about 4 (Davie) to 8 (Butler Oaks) fold.

C

The existing literature provided in the Task 1.3 literature review report, and discussions
with individuals experience in using these materials indicate that the dewatering of 20 to
30 percent solids after a few months would be typical and that these materials will be
workable for land-spreading. Use of underdrains in the dewatering basins would shorten
dewatering times, but would only be needed if cleanouts were required more often than
every 3 months. As indicated in the Task 1.3 report, there have also been no indications
that alum flocs become unstable or cause any excess aluminum uptake or toxicity effects
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in plants after spreading. The floc might bind additional P in the field after land-
spreading; therefore, land-spreading is still the recommended disposal method. Two
potential alternative methods of disposal include burying the sludge onsite or stockpiling.
These alternatives eliminate unstable alum flocs and excess aluminum uptake, but have
the drawbacks of limiting future construction activities on the burial site and future
disposal issues for the stockpiled material. One future use for the stockpiled material
would be to stabilize abandoned waste pond(s) during future closure procedures. FDEP
will require site-specific information before providing approval for onsite burial of the
sludge material. Disposal of sludge in landfills is very costly and not recommended, but
would eliminate all of the previously mentioned concerns.

All of the systems are expected to treat 100 percent of the runoff during a dry year.
During an average year, the systems will treat between 85 and 90 percent of the runoff.
Wet years reduce treatment to as low as 75 percent. Estimated average-year weighted
stormwater runoff from the farms (Table 1) ranged between 116 and 385 ppb because of
the amount of water bypassing each system and the different levels of treatment.

Treating stormwater to 100 ppb rather than 40 ppb results in potentially a 50 percent
reduction in chemical use and related sludge production, which can translate to an annual
operating cost reduction of slightly less than 50 percent. Moving from a final P
concentration target of 40 to 100-ppb target represents only a 5 percent reduction in
overall treatment effectiveness (Table 1).
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I mplementation Schedule

The 100-percent plus design reports for each dairy are provided in Appendices A, B, and

C. These reports contain an implementation schedule for each dairy. A summary of the

proposed implementation schedule is provided in Table 4.

Table 4. EOF Implementation Schedule

Task

2002

2003

Nov

Dec

Jan

Feb

Mar

Apr

May

June

July

Aug

Sep

Conceptual Design Completion

100% Construction Drawings

Construction Approval

Construction permits obtained

Final Construction Drawings

Construction

Substantial Completion

Monitoring Plan and Installation

Monitoring Started

Operation Startup

Refer ences

Dayton, EA and NT Basta. 2001. Chemistry and Bioavailability of Waste Constituents
in Soils. 2001. J. Environ. Qual. 30:1653-1658

Basta, NT, EA Dayton, and LE Gallimore. 1999. Nutrient adsorption capacity of water

treatment residuals. Agron. Abstr. p. 345.
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APPENDIX A —Butler Oaks Dairy EOF Design Documents
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Section 1
Introduction

1.1 Background

The Soil and Water Engineering Technology, Inc. (SWET) Team was selected in December 2000 to
complete the Dairy Best Available Technologies project (C-11652) for the South Florida Water
Management District (SFWMD). The primary goal of this study to provide an unbiased selection,
implementation, and monitoring of the Best Available Technologies to significantly reduce dairy
industry phosphorus exports to the Okeechobee Basin and bring about the most effective and
substantial water quality improvements in the shortest possible time.

As part of this project the SWET Team completed a detailed literature review of available
technologies, completed a ranking of Okeechobee dairies for participation, completed nutrient
assessment for selected dairies, and ranked and selected the most appropriate technology for meeting
the District’s goal of a 40 parts per billion (ppb) phosphorus concentration in stormwater runoff at the
edge-of-farm. Edge-of-farm treatment (impoundment, water reuse, and chemical flocculation) of
runoff was found to be the highest ranked method to reduce phosphorus discharge from the farm to
meet the project’s goals. Based on these findings, the SFWMD Governing Board authorized SWET
to contract one or more qualified design/build firms to complete the construction phase of the project.
The team of CDM Engineers and Constructors, Inc. (CDM E&C) and Royal Consulting Services, Inc.
(RCS) was selected as a qualified design/build firm to perform these services for Butler Oaks Farm,
Inc (Butler Oaks Farm).

1.2 Project Objectives

The primary objectives for this project are the design and construction of an edge-of-farm treatment
system capable of retaining as much of the Butler Oaks Farm’s stormwater discharge as possible, and
reduction of phosphorus discharge from the site to as close to 40 ppb as possible.

A conceptual design of the treatment system was provided by SWET as a basis for the final design of
the treatment system. The primary components for an on-site multi-stage stormwater pond with a
final chemical treatment-finishing pond, consist of the following:

= A large retention impoundment for reduction of offsite discharge, also serving as a buffer
reservoir for a chemical treatment system.

= A chemical treatment system consisting of a discharge pump or gravity feed structure with
flocculant injection/mixing, and two settling ponds.

It was proposed that the treated effluent from the settling ponds would sheet flow to the nearest
stream leaving the property. The primary design tasks for this project were to locate and size the
above described system to the site specific conditions present at Butler Oaks Farm. The conceptual
design as defined by SWET consisted of the following components:
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= Interception ditches or diversion dikes for directing farm field runoff and seepage to the
stormwater impoundment.

= A bypass structure for stormwater in excess of the design capacity of the system.

=  Pump station(s) to lift stormwater into impoundment(s) (5,000 to 30,000 gpm capacity range
anticipated).

* Impoundment, including dikes and emergency discharge structure.

= Pump or gravity flow structure that will provide chemical mixing before delivery to the two
settling ponds (0.5 to 2 ac).

= A roofed coagulant storage facility with chemical injection pump and controls.
= A settling pond for collection of flocculant prior to final discharge.

= Piping to provide reuse water from the stormwater pond to the dairies’ existing waste storage
ponds for sprayfield application, barn flush water systems and cooling ponds.

= Total project budget including engineering services, surveying, permitting, construction and
startup not to exceed $575,000.

1.3 Site Location and Description

The Butler Oaks Farm, Inc. encompasses approximately 1,838-acres of land, and is located in
Sections 3, 4, and 5 in TS37S and R33E, Section 31 in TS36S and R33E, and Section 36 in TS36S
and R32E, approximately 14 miles to the northwest of Okeechobee, Florida. The property is accessed
from County Road 721 (see Figure 1-1).

Table 1-1 describes the land use, cover type (where applicable), and size for each delineated area on
the farm. Figure 1-2 shows the layout of the entire farm, including the western forage
production/solids application area, location of each field, and land uses for each area. Figure 1-3
shows the layout of the eastern portion of the farm. Hay is the only crop that is harvested on the farm.
In a typical year, approximately 5,350 tons are harvested. All of the hay that is harvested is used on
site.

The predominant breed of dairy cattle on the farm is Holstein. Over the past twelve months, the
farm’s total head count has averaged 1,060, with a lactating population of 750 head. The remaining
310 head consists of approximately 50 dry cows, 80 springers, 30 cows in the hospital herd, and
approximately 150 head that are culled each year. The high production lactating population is divided
into two herds of 165 head each; the low producers are divided into three herds of 140 head each.
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Table 1-1
Farm Land Use and Acreage

Butler Oaks Farm, Inc.

Field Description/ Animal Vegetative Cover | Acres
Designation Land Use Type (If Applicable) *
A Field Hobbled Herd S 6.7
B Field Heifers B,S 37.2
BP Beef Pasture Beef Herd B,S, P 506.7,
C Field Heifers B,S 325
D Field 4.6
E Field Heifers B,S 30.6
EB East Barn 0.6
F Hay S 95.4
Facilities/ Commodities Facilities/ Commodities 5.0
Forage Prod./Solids App. Forage Prod./Solids App. B,S 617.7
G Field Fresh Cows B,S 8.6
HIA HIA 7.0
HIA Perimeter HIA Perimeter 1.5
I Field S 5.6
I Field Assorted Head B 41
K Springers Calving Herd S 10.0
L Field Not in Use B 14.5
Lagoon Lagoon 1.3
M Calf Barn Not in Use 1.5
MH Manure Handling 1.0
MP Milking Parlor 0.4
N Field Not in Use partially wooded 8.4
N Pasture Not in Use 26.0
@) Field 49
p Historical Sprayfield Lactating Herd S 26.5
Q Pasture Lactating Herd wooded 67.6
R Pasture Dry Cows B 48.8
Residential Residential B 16.1
S Pasture Horses/ Cow Staging B 24.7
SF1 Sprayfield B,S 118.5
Solids Area Solids Area 3.0
STPD1 Waste Storage Pond 6.9
STPD2 Waste Storage Pond 23.0
W1 Feed Barn 0.6
W2 Feed Barn 0.2
W3 Feed Barn 0.2
W4 Feed Barn 0.2
Water Water 38.5
Wetland Wetland 21.6

* S = stargrass, B = bahia, P = pangola
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Manure is collected in and around the barns and stored in the high intensity area for drying. It is
spread, as needed, on the irrigated field, hay field, or low use pastures. The farm’s records for 2000
indicate that 1008 tons of manure was spread on a total land area of 225-acres. Solids are not removed
from the farm. Approximately 8.6 million gallons of wastewater were pumped from the waste storage
pond to the irrigated field in 2000. The waste storage pond sediment trap is typically cleaned out once
every 10 years. The end of the solids trap was last cleaned out in April 1999. The sludge is placed in
the manure dry storage area and is spread in hayfields or non-lactating and minimum-use pastures,
when needed.

The Natural Resources and Conservation Service (NRCS) waste management system operation and
maintenance plan for the Butler Oaks Farm was constructed in the early 1990s. The system was
designed for a population of 990 milking cows, assuming a live weight of 1,200 pounds. The design
storm selected to size system components was a 24-hour 25-year storm event (8.2-inches of rainfall).
Additionally, a barn wash flow of 55,000 gallons per day was assumed. System components included
the following:

= A 17.5-acre high intensity area (HIA) and ditch that surrounds the barn. Barn wash water and
runoff from the HIA drains via the HIA ditch to a solids separation lagoon (solids trap).

=  Two waste storage ponds (a 7-acre STPD 1 and a 23-acre STPD 2) designed to contain barn
wash water and runoff from the high intensity area after it passes through the solids separation
lagoon.

= A 214-acre hay and greenchop area within which a center-pivot irrigation system is located.
Water from the waste storage pond is pumped to the 118-acre irrigated field via a 1,090-gpm
pump. The design maximum application rate to the irrigated field was 0.28-inch over a 24-
hour period.

= Subsurface drains in the high intensity area to convey water to the high intensity ditch.
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Section 2
Existing Site Conditions

2.1 Hydrology and Topography

The area within which the Butler Oaks Farm is located, the Lower Kissimmee River Basin, generally
drains to the south towards Lake Okeechobee. The region is particularly flat, with elevation changes
typically on the order of two to three feet per mile. There are no identified karst features on the site.
Based on a review of applicable USGS quad maps:

" Approximately 15-acres drain internally to the high intensity area lagoon (from which water is
pumped into Waste Storage Pond 1).

" Approximately 110-acres of Butler Oaks Farm drains to the east.

" Approximately 2196-acres of land drains to a ditch along the southern boundary of the farm
including land on B-4 Dairy and citrus land to the west of property.

" Approximately 81-acres of Butler Oaks Farm drains to the northeast.

Figure 2-1 shows the estimated surface water flow pattern onto and off the eastern portion of the
farm, as well as within the farm’s boundaries.

Hydrologic unit boundaries were delineated by assessing additional information obtained from four
sources: (1) a digital aerial photograph of the region encompassing the farm, (2) topographic survey
completed for the project, (3) information provided by Soil and Water Engineering Technologies, Inc.
(SWET), and (4) conversations with the farm owner. In general, natural physical features or
constructed stormwater conveyance systems that control and direct stormwater runoff to a common
outfall define hydrologic units. For the purpose of this study, the Butler Oaks Farm was subdivided
into four hydrologic units, ranging in size from 67.81 acres to 304.96 acres, as is shown on Figure
2-2.

2.2 Soils

A soils map of the Butler Oaks Farm is provided as Figure 2-3. The soil map units occurring within
the farm boundaries fall into two general groups: (1) soils of the flatwoods, hammocks, and sloughs,
and (2) soils of the swamps, marshes, and flood plains. Both groups of soils are nearly level, poorly
drained, sandy soils with high runoff potential if not ditched. These soils typically have a low
phosphorus retention potential and can therefore leach phosphorus if phosphorus loading exceeds
crop phosphorus uptake. An organically coated subsoil is present in some locations and some areas
are subject to ponding or flooding. Specific soil types located on the Butler Oaks Farm include:
Basinger and Placid depressional; Basinger fine sand; Immokalee fine sand; Valkaria fine sand; Felda
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fine sand; Tequesta muck; Sanibel muck; Avents, very steep; Pomello sand, 0-5% slope; Manatee,
Delray, and Okeelantana soils.

The soil data was used to evaluate stormwater runoff, infiltration, and recharge potential for pervious
areas. Information on soil types was obtained from the U.S. Department of Agriculture Natural
Resource Conservation Service (NRCS) Soil Survey of Highlands County, Florida. Based on its
research, the NRCS has developed soil series and “hydrologic soil groups”, which characterize soil
types according to their drainage potential. The hydrologic soil group categories are commonly used
to evaluate runoff potential from a given soil type. Soils having very high infiltration potential and
low runoff potential have been assigned to Hydrologic Soil Group A. Soils with very low infiltration
potential and a high runoff potential have been assigned to Hydrologic Soil Group D. Soils included
in Hydrologic Soil Groups B and C have infiltration and runoff characteristics that fall somewhere
between these two extremes. For the purposes of this study, dual class soil groups were
conservatively assigned to the Hydrologic Soil Group with the lowest infiltration potential. For
example, soils that were classified within Group A/D were assigned to Hydrologic Soil Group D. The
percentage of each Hydrologic Soil Group within the four hydrologic units delineated for the Butler
Oaks Farm is listed in Table 2-1.

Table 2-1 Percentage of Hydrologic Soil Group within Hydrologic Units

Hydrologic Percent By Hydrologic Unit
Unit Group Group Group Group

ID A B C D Total
Basin 1 0% 0% 11% 2% 13%
Basin 2 0% 0% 0% 13% 13%
Basin 3 0% 0% 0% 58% 58%
Basin 10 0% 0% 7% 9% 16%
Grand Total 0% 0% 18% 82% 100%

2.3 Phosphorus Concentration in Soils

In July 2002, the Florida Department of Agriculture on Consumer Services (FDACS) provided
phosphorus concentrations of onsite soil samples collected at Butler Oaks Farm. The samples were
analyzed at the University of Florida, IFAS laboratory using the Mehlich 1 and water soluble
phosphorus extraction methods. Other miscellaneous parameters, such as pH, potassium and lime
requirement were also measured. Soil samples were collected with the following frequencies:

= High Intensity Areas (HIAs) - one sample per acre
= Pasture areas - one sample per five acres, and

= Forage areas - one sample per 20 acres

2-2




Section 2
Existing Site Conditions

The soil samples collected were logged in the field using a global positions system (GPS) to
accurately identify the sample location. Figure 2-4 summarizes the results of the phosphorus
concentrations found in the field samples.

2.4 Wetland Assessment and Preliminary T&E

In May 2002, a wetland assessment and preliminary T&E study was conducted by C&N
Environmental Consultants, Inc. on Butler Oaks Farm. This study concluded that five wetlands,
comprising approximately 5.16 acres exist on the site, including approximately 0.49 acres of
maidencane marsh and 4.67 acres of wet prairie. Preliminary wetland boundaries, delineated using
federal and state criteria by C&N are identified on Figure 2-5. Exotic and nuisance species have
invaded these wetland systems and have reduced the number and diversity of native species (C&N,
2002).

On December 12, 2002 the wetland determination performed by C&N was re-evaluated by the
Highlands County NRCS wetlands specialist to the NRCS standards. Additional wetlands were
identified from the wetland delineation previously prepared for this study by a certified wetland
specialist. A complete wetland determination was completed in February 2003 by the NRCS. The
preliminary results of the NRCS wetland determination are currently under review by the Army Corp
of Engineers. The results of this draft report are also presented on Figure 2-5.

The threatened and endangered species random survey identified five listed species, including crested
caracara (Caracara plancus), sandhill cranes, burrowing owl, gopher tortoise, and butterfly orchids
(Encyclia tampensis). Figure 2-5 also identifies the location of species spotted.

Each of the plants and animals identified in the study were flagged in the field, the immediate habitat
was then identified by state certified biologists. The proposed design encroaches on an area in which
gopher tortoises were identified. In an effort to protect the gopher tortoises found in this designated
construction area a Gopher Tortoise Relocation Permit was obtained from the Florida Fish and
Wildlife Conservation Commission. A copy of this permit is provided in Appendix A. This permit
recently expired and a new permit application, along with a reevaluation of the gopher tortoise survey
required before the gopher tortoise relocation can commence. The gopher tortoise survey reevaluation
was completed in February 18, 2003 and showed less tortoise activity. The permit application is
currently being updated
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Section 3
Surface Water Modeling

3.1 Introduction

Three different modeling approaches were used to estimate the quantity of surface water runoff to be
managed as part of the proposed edge-of-farm treatment system for the Butler Oaks Farm. These
models included Win TR-55, Hydrologic Model Version 1.2 (HM), and TRTSTORM. Win TR-55, a
single-event, rainfall-runoff small watershed model is a public domain model developed by the
Natural Resources Conservation Service (NRCS). Based on the same principles of TR-55, HM,
developed by Engineering & Water Resources, Inc., is a spreadsheet based water balance model.
TRTSTORM, developed by CDM in 1993, provides a method of simulating the operation of wet
weather storage facilities. The general principles on which these models are developed on are
summarized below.

3.2 Model Selection

The use of the three different models provides for a range of anticipated results based on various
modeling parameters. Various model input and output from the simulations is presented in
Appendix B.

3.2.1 Win TR-55

Win TR-55 generates hydrographs from sub-areas by means of the NRCS hydrograph generation
technique using the appropriate rainfall depth (for a specific frequency), rainfall distribution, sub-area
drainage area, time of concentration (Tc), and curve number. The program uses a Muskingum-Cunge
method of channel routing, and the storage-indication is then used to route structure hydrographs
(NRCS, 2002).

3.2.2 HM

In a similar fashion to the Win TR-55, HM spreadsheet uses the daily rainfall to calculate available
soil storage to generate a Curve Number. Runoff quantities can then be generated using the simple
SCS Method. Quantities of runoff are added to the water budget for the storage basin to evaluate the
percent capture of runoff.

3.2.3 TRTSTORM

TRTSTORM uses the same general algorithms used in HEC-STORM. Based on the Rational
Method, a single C coefficient and depression storage are used by the model to compute runoff. The
model also allows for the simulation of treated overflow and decanting from storage facilities in the
model.
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3.3 Model Development
3.3.1 Win TR-55

Rainfall Intensities and Quantities

Specified rainfall data were used to generate stormwater runoff hydrographs for each hydrologic unit
in the hydrologic model. Observed rainfall data are generally characterized by an amount (depth,
measured in inches), intensity (inches per hour), frequency or occurrence (return period, in years),
event duration (hours), spatial distribution (local variance), and temporal distribution (time variance).
Design storm events are typically named by the return period of the rainfall depth and by the event
duration. For example, a 25-year/8-hour design storm event describes a rainfall depth over an 8-hour
period that has a 4-percent (1 in 25) chance of occurring at a particular location in any given year.

For this study, the 2-, 3-, 5- 10-, 25-, and 100-year design storm events using durations of 24-hours
under existing land use and existing hydraulic conditions were simulated. If available, design storm
event depths were derived from rainfall curves included in the “Surface Water Design Aids” section
of Volume 1V of the South Florida Water Management District (SFWMD) Environmental Resource
Permit Information Manual (2000). Storm event depths for storm durations that had no rainfall curves
available were estimated from the trend shown by available SFWMD curves. Rainfall depths selected
for simulations were as follows:

= 2-year return period/24-hour event duration = 3.5-inches of rainfall (trend-based estimate)
= 3-year return period/24-hour event duration = 4.0 inches of rainfall (SFWMD curve)

= S-year return period/24-hour event duration = 4.5 inches of rainfall (SFWMD curve)

10-year return period/24-hour event duration = 5.0 inches of rainfall (SFWMD curve)

25-year return period/24-hour event duration = 6.5 inches of rainfall (SFWMD curve)

100-year return period/24-hour event duration = 8.0 inches of rainfall (SFWMD curve)

Overland Flow Parameters

WinTR-55 uses overland flow data in the form of hydrologic unit widths and average surface slopes
to create a physically based overland flow plane that generates the stormwater runoff. The overland
flow path length was calculated as the average slope over the flow path length and is calculated by
dividing the difference in elevation by the hydraulic length. The length and slope data that were
estimated from the topographic survey that was performed for the project are shown in Table 3-1.

Existing Land Use and Impervious Areas

Existing land use on the Butler Oaks Farm study area is almost entirely pasture (improved and
unimproved), grassland, or wooded area. Impervious areas within the study area constitute a very
small percentage of the total land use and consist primarily of the farm’s limerock access road off of
Boat Ramp Road, the milking parlor, grain silos, various feed barns, etc. Of the land use category
options WinTR-55 offers, all basin areas were described as “fair pasture, grassland or range”. The
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Butler Oaks Edge of Farm Treatment System

Overland Flow Parameters

Table 3-1

Basin | Identifier| Flow Slope |Manning'| Travel Time of
Length (ft/ft) s Time | Concentration
(ft) n (hr) (hr)
B1 Sheet 100 | 0.0060 0.24 0.925
Shallow 1,100 | 0.0034 3.50 0.325
Channel 730 | 0.0011 --
1.25
B2 Sheet 100 | 0.0010 0.24 0.754
Shallow 3,600 [ 0.0024 3.50 1.265
2.02
B3 Sheet 100 | 0.0020 0.24 0.571
Shallow 1,440 | 0.0020 3.50 0.554
Channel 7,895 | 0.0010
1.13
B10 Sheet 100 | 0.0030 0.24 0.486
Shallow 3,900 | 0.0026 0.05 1.317

1.80
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curve numbers generated by the selected land use descriptions for the farm are presented in
Table 3-2.

Model Results

System storage was considered to be relatively small, and to be conservative was excluded from the
model representation of the farm. The hydrograph peak flows, times to peak, runoff amount and
runoff volumes for each of the basin areas are presented in Table 3-3. The 10-yr/24-hr storm was
selected for design of the proposed edge-of-farm treatment system. As is indicated in Table 4-3, the
model estimates that the following peak flows will result from a 10-yr/24-hour design storm:

= 78 cubic feet per second (cfs) at the outlet of basin B1,
= 66 cfs at outlet of basin B2,
= 415 cfs at the outlet of basin B3, and

= 81 cfs at the outlet of basin B10.

If all of the runoff from the farm resulting from a 10-yr/24-hr storm were to be impounded,
approximately 139 acre-feet of storage volume would be required. The proposed edge-of-farm
treatment system will include a wet detention storage volume of approximately 50 acre-feet. Asa
comparison, according to Section 5.2.1, “Volume Requirements” of the Basis of Review for

Environmental Resource Permit Applications Within the South Florida Water Management District
(August 2000):

“Wet detention volume shall be provided for the first inch of runoff from the (entire)
developed project, or the total runoff of 2.5 inches times the percentage of imperviousness,
whichever is greater.”

If this requirement were applied to the 524.42-acre project area, the required wet detention volume
would be 43.7 acre-feet.

The results of the model show 93 percent of the runoff generated on the project site from a 10-yr/24-

hr design storm can be detained and treated within the 51.6 acre-ft onsite stormwater detention
system.

3.3.2 HM

HM is a simple mass balance model with very few input parameters. Input for the conceptual design
includes:

= Soil holding capacity based on the soils hydrologic group

= Storage pond depth, area, volume, and pump down time
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Table 3-2

Butler Oaks Edge of Farm Treatment System

Basin Land Use and Curve Number Details

Basin Land Use Hydrologic Basin Curve
Basin Summary Soil Area No.
Group (ac)

B1 Pasture, grassland or range (fair) A 0.05 49
Pasture, grassland or range (fair) C 56.94 79
Pasture, grassland or range (fair) D 11.72 84
Total Area / Weighted Curve Number 68.71 80

B2 Pasture, grassland or range (fair) C 1.89 79
Pasture, grassland or range (fair) D 65.92 84
Total Area / Weighted Curve Number 67.81 84

B3 Pasture, grassland or range (fair) D 304.96 84
Total Area / Weighted Curve Number 304.96 84

B10 |Pasture, grassland or range (fair) C 35.63 79
Pasture, grassland or range (fair) D 47.31 84
Total Area / Weighted Curve Number 82.94 82




Table 3-3
Butler Oaks Edge of Farm Treatment System

Win TR-55 Model Results

ID B1 B2 B3 B10
Basin Area (ac) 68.71 67.81 304.96 82.94
2 Year 24 Hour Storm
Peak Flow (cfs) 43.7 38.8 245.6 46.8
Time of Peak (hrs) 12.7 13.2 12.6 13.1
Runoff (in) 1.6 1.9 1.9 1.8
Runoff Vol (ac-ft) 9.3 10.9 49.2 12.3
Impoundment Area Needed ' (ac-ft) 81.7
3 Year 24 Hour Storm
Peak Flow (cfs) 54.9 47.6 302.1 57.9
Time of Peak (hrs) 12.7 13.2 12.6 13.0
Runoff (in) 20 2.4 24 2.0
Runoff Vol (ac-ft) 11.7 134 60.2 141
Impoundment Area Needed ' (ac-ft) 99.3
5 Year 24 Hour Storm
Peak Flow (cfs) 66.5 56.6 359.1 69.6
Time of Peak (hrs) 12.7 13.2 12.6 13.0
Runoff (in) 25 2.8 2.8 2.6
Runoff Vol (ac-ft) 141 15.9 71.6 18.2
Impoundment Area Needed ' (ac-ft) 119.7
10 Year 24 Hour Storm
Peak Flow (cfs) 78.4 65.6 415.4 81.2
Time of Peak (hrs) 12.7 13.2 12.6 13.0
Runoff (in) 29 3.3 3.3 3.1
Runoff Vol (ac-ft) 16.5 18.4 83.1 21.2
Impoundment Area Needed ' (ac-ft) 139.3
25 Year 24 Hour Storm
Peak Flow (cfs) 115.0 93.0 590.1 117.2
Time of Peak (hrs) 12.7 13.2 12.5 13.0
Runoff (in) 4.2 4.7 4.7 4.4
Runoff Vol (ac-ft) 24.2 26.3 118.6 30.7
Impoundment Area Needed ' (ac-ft) 199.8
100 Year 24 Hour Storm
Peak Flow (cfs) 152.1 121.0 767.3 153.5
Time of Peak (hrs) 12.7 13.2 12.6 13.1
Runoff (in) 5.6 6.1 6.1 5.9
Runoff Vol (ac-ft) 32.2 34.4 154.9 40.5
Impoundment Area Needed ' (ac-ft) 261.9

"To completely contain runoff from project

TR55_Summary.xls Table4-3

area
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= Runoff area, runoff reduction factor
=  Monthly evaporation rates

= Daily rainfall totals

* Pumping capacity

A complete listing of the model input and results is presented in Appendix B. The results of the
model show 96 percent of the runoff generated on the project site receives treatment.

3.3.3 TRTSTORM

TRTSTORM is also a simple model with very few input parameters. Input for the conceptual design
includes:

= Runoff area and composite rational “C” coefficient
= Depressional storage

= Monthly evaporation rates

= Treatment volumes and treatment rates

* Hourly rainfall totals

A complete listing of the model input and results is presented in Appendix B. The results of the
model show a 97 percent of the runoff generated on the project site receives treatment.

3.4 Summary of Results

The results of the model were as follows:

1. Each of the three model simulations indicated that for the project study area, a 90 percent
treatment rate of all runoff can be expected.

2. Only 17 untreated discharge events were predicted over the 30 years of recorded rainfall data used
in the modeling analysis. This results in approximately one discharge event occurring in every
two years, or less than one discharge event per year.

3. Additional modeling is recommended to verify the dynamic response of the increase in stage in
the canals and ditches on the drainage of the pastures.
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4.1 Permitting Considerations

Butler Farms Inc. currently operates under Florida Department of Environmental Protection (FDEP)
wastewater permit (No. FLA013655-001-IW4A). According to conversations held with FDEP, the
South Florida Water Management District, and Dr. Del Bottcher, the proposed improvements to the
project site outlined in the preliminary design will fall under this existing permit, with the exception
of a required wetland assessment and threatened and endangered species assessment (T&E). All other
permit issues associated with the construction of this project will be addressed in future permit
modifications.

4.2 Conceptual Design

To cost-effectively meet the project objectives stated in Section 1, several versions of the conceptual
stormwater plans were evaluated. Anticipated limitations on capital costs, operations and
management costs, landowner preferences, etc. were all considered in the development of the
preliminary design. Multiple conceptual designs evaluated by SWET, SFWMD, CDM and the
landowner. During the review process of these various versions of the conceptual design several
additional design limitations were imposed by the project team. These limitations included:

= The landowner indicated that the removal of trees located along the eastern edge of the
property should be avoided. (May 2002)

= SFWMD/SWET mandated 3:1 side slopes for all containment berms. (September 2002)

= SFWMD/SWET indicated that due to cost restraints all backup systems, automated controls,
and sludge distribution equipment were considered optional and would only be included if
there were remaining funds available. (December 2002)

= SFWMD/SWET mandated that the chemical treatment system use alum as its coagulant.
(December 2002)

= SFMWD/SWET indicated that in sizing the settling basin a 4-hour settling time must be
used.(November 2002)

Stormwater flows were evaluated for both portions of the farm, (both east and west of CR 721).
However, due to the relatively low phosphorus levels on the forage lands west of CR 721, these areas
were not included as part of this study. Therefore, the focus of this conceptual design is on the main
farm located east of CR 721, and is herein referred to as the project site. Figures 4-1 and 4-2 show
the proposed conceptual design for the project site. Major components of the conceptual design
include:
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Western Portion of the Project Site (Figure 4-1):

= Reshaping of the existing bypass - water with low phosphorus concentration originating west
of CR721 from the portion of the farm outside of the study area, will be allowed to bypass the
proposed treatment system by following the existing outfall canal to the east to be discharged
into the Kissimmee River.

® A new treatment system collection ditch will be constructed parallel to the existing outfall
canal to collect runoff from the study area. It will connect to the existing north/south (N/S)
ditch to collect all runoft from the irrigated fields, which currently receive water from the
water storage pond.

® In the western portion of the site the water within the collection ditch flows east to the
treatment system located south of the waste storage pond.

= Several culverts need to be removed.
® The existing pasture fence will need to be relocated.
® A canal crossing will be constructed.

Eastern Portion of the Project Site (Figure 4-2):

® A berm will be constructed around the perimeter of stormwater detention area. The berm will
have 2 foot freeboard over the control elevation of 31.0 feet NGVD.

® To the north, stormwater from the pastures and road will be diverted into a north transmission
ditch which conveys water south to the existing central ditch. The north transmission ditch
will have a bottom of channel elevation of 26.0 feet NGVD. The water will then flow east to
the south transmission ditch.

®  The south transmission ditch will also have a bottom elevation of 26.0 feet NGVD. Water in
the ditch will flow south to the new treatment system collection ditch, were it will then flow
west to the treatment system.

= Stormwater is treated at the treatment system using two parallel coagulant injection systems
with a 1.0 acre settling pond. Treated discharges from the settling ponds are sent to the

existing outfall canal.

=  Two emergency overflows are located between the stormwater detention area and the existing
outfall canal at an elevation of 31.0 feet NGVD.
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® The pump from the treatment system ditch will also have the ability to send untreated water to
the existing waste storage ponds to be used for irrigation through the existing system.

® A sludge drying bed adjacent to the treatment system will be used to dewater sludge manually
pumped from the bottom of the settling pond.

4.3 Water Attenuation and the Probable Affect on Existing Vegetation

The affect of re-directing water into the existing oak hammock located in the southeast corner of the

Butler Oaks Farm parcel during storm events was evaluated. C&N Environmental Consultants, Inc.

was requested to provide an opinion regarding the ability of the oaks to maintain their present health,
based on the following criteria:

* Following a storm event, the maximum depth of water held in the hammock will be 18 inches,
with an overflow structure to remove water in excess of this 18-inch depth.

= The water will be held at 18 inches for one day, and will then be lowered to 12 inches via a
pump system.

= By the third day, the water will be at 6 inches.
= By the end of the third day, the water will be gone.
The professional opinion of C&N Environmental Consultants, Inc. regarding this issue follows:

“Under normal circumstances, the water level within the oak hammock would sit 24 to 40 inches
below the surface during the rainy season. During a storm event, this type of community might have
a few inches of water sitting on the surface for a short period of time, after which it would percolate
into the ground until it again reached equilibrium. In the event of consecutive storm events within
this design system, if the water was held in the hammock for more than three days, the health of the
oaks might suffer.

There is really no way to ascertain what the exact effect of long-term or repeated inundation will be
on these trees. It is safe to say that two or more storm events that cause the water depths to be
maintained at 18 inches within a week would have adverse effects on the hammock vegetation. The
vegetation would need at least 5-7 days to recover from the inundation after a single storm event.
These adverse effects can range from being unnoticeable to tree mortality. Please be advised that
these effects may not be immediately evident. While it is certain that the vegetation will be effected,
the exact effects cannot be determined definitively.”
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5.1 Introduction

The development of the surface water treatment system was an iterative process of trying to balance
the project objectives (see Section 1), while living with the limitations of the physical system and
budgetary constraints. The physical system shown in Section 2 provided the foundation for the
Surface Water Modeling Analysis presented in Section 3 and the Conceptual Design presented in
Section 4. The information gathered for this study and the surface water modeling results provided
the rates, volume and anticipated water quality parameters required to design the surface water
treatment system.

The surface water quality (nutrient concentrations) for post-construction is difficult to predict.
Therefore, water quality from the existing discharges from the site was used to estimate and size the
proposed surface water treatment system. Actual variations in water quality, coagulant feed rates, etc.
will be addressed in the operationally flexible system proposed as described in the following sections.

5.2 Summary of Design Criteria and Assumptions

The design criteria and assumptions used for the design of the surface water treatment systems are
listed below:

e The stormwater storage area and treatment capacity were sized based on the portion of the
farm located east of CR-721, which is approximately 525 acres.

e Stormwater storage area = 34.4 acres
e Maximum depth of water above average land surface = 1.5 feet
e Maximum stage elevation = 31.0 feet NGVD
¢ Maximum duration of inundation
o 1day at 1.5 feet deep
o 2 days at 1.0 feet deep
o 3 daysat 0.5 feet deep
e Frequency of maximum duration events = 1 event per 7 days
e The treatment system must have redundancy of critical components, emergency structures and

draining capacities in case of electrical failures or catastrophic events.
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e The treatment system must allow for drying the flocculent sludge.
e The chemical treatment system must use alum as its coagulant.

e The settling basin shall be sized for a 4-hour settling time.

5.3 Treatment Design
5.3.1 Pump Sizing and Selection

Pump sizes were determined by taking the inundation volume of the stormwater storage area divided
by the duration of inundation. Therefore, a single pump would have to pump 3892 gallons of water
per minute (GPM). In order to meet the redundancy requirement, two 4000 GPM pumps were
selected.

The head requirements for the pump are low, approximately 15 feet. As a result, a 12 inch axial flow
pump was selected. These pumps are inexpensive and require little to no maintenance. The electric
motor for each pump was sized at 20 horsepower (HP). To decrease the startup electrical
requirements, a multi-stage starter will be added to each pump. Having two pumps in the system
provides for redundancy as well as twice the treatment rate under extreme events.

The pumps will be activated by float level switches. The first pump will activate on the (low on)
control set point. The second pump will activate on a second higher (high on) control set point. A
third even higher set point (high alarm) will activate a flashing light and alarm. The alarm system
will be provided with a battery backup system that will automatically turn on during electrical failure.
When both pumps shut off, the pumps will cycle between being the first and second pump. The two
features, 1) rotating pumps to the first pump, and 2) allowing for two pumps to run at the same time,
can be manually turned off as desired by the operator.

The initial control set points are:

Low On = 27.5 feet NGVD
High On = 29.0 feet NGVD
High Alarm = 31.0 feet NGVD
Off = 27.0 feet NGVD

The electrical service to the motors shall also have a double disconnect switch to provide the future
placement of a permanent backup generator (automatic disconnect switch) or a temporary (manual
disconnect switch). If funds allow a permanent backup generator will be provided.

5.3.2 Flocculent Evaluation and Selection

Previous studies provided to the project team by Dr. Del Bottcher, P.E. of Soil and Water
Engineering Technology, Inc., indicated that the two most cost effective flocculants were aluminum
sulfate or ferric chloride. Aluminum sulfate (alum) is the most common aluminum salt used for
precipitation of phosphorus. Phosphorus is removed from aluminum treated water by three
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primary mechanisms: (1) forming insoluble AIPOy, (2) by adsorption on the surface of AI(OH)s floc
and (3) by entrapment of phosphorus containing particulate matter. Nitrogen associated with
particulate matter is also removed with the AI(OH)s floc. In general, aluminum salts produce more
sludge (precipitate) than do iron salts.

One mole (594 grams) of alum will react with 2 moles (190 grams) of phosphate containing 62 grams
of phosphorus to form 2 moles (244 grams) of AIPOy sludge. Thus, the weight ratio of alum to
phosphorus is 594 to 62 or (9.6:1) (RCS, 2000).

Several factors were involved in choosing which coagulant to use on this project. The advantages
and disadvantages of alum and ferric chloride were evaluated against each other and a final decision
was made to go with alum based on a mandate from SWET and SFWMD in December 2002. Both
alum and ferric chloride are relatively inexpensive and efficient. The main factors, which lead to this
decision are the following (RCS, 2000):

e Efficient & relatively inexpensive.

e Easy to store & handle.

e Dry alum is not corrosive.

e Liquid alum only moderately corrosive

In practice, the quantities of coagulant required are higher than the stoichiometry would predict.
This is due to the competing reactions, which vary with the treatment water. The addition of other
chemicals or polymers may be optimized by in-situ testing.

5.3.3 Flocculent Feed Rates and Storage

Water samples were collected August 28, 2002 at four of the five sample locations identified on
Figure 5-1 for jar testing. Three of the samples were collected from stagnant water pools, one from
low flowing water, and one sample location was dry. As a result, these water samples are not
necessarily representative of site conditions that will be treated. Do to the lack of suitable onsite
water for testing; more representative water samples will be collected after a larger storm event for jar
testing. These future samples should be more representative of the water to be treated. The jar testing
was conducted using ferric chloride as the coagulant. At the time of that the jar testing took place it
was thought that ferric chloride was to be used in the design. While the jar test results are specific to
ferric chloride dosing, the results for alum are similar. Results of the jar testing indicate that the
lowest ferric chloride dosing (at 40% concentration) capable of producing a good floc and yielding a
clear sample was 120 PPM. For the purpose of this design 120 PPM of alum will be used. This value
is subject to change depending upon the results of the additional jar testing to be completed. Other
assumptions are as follows:

e Phosphorus concentration of runoff = 10 mg/l (RCS, 2001).
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Efficiency of chemical reaction = 90%
Total annual runoff equals 161.04 million gallons (from stormwater modeling results)

Alum will be purchased in liquid bulk at a delivered cost of $0.13 per pound to be delivered in
4000 gallon tanker trucks

Alum density = approximately 11.7 pounds per gallon

At 120 PPM, the flocculent feed rate equals 0.48 gallons per minute for each 4000 gallon per
minute treatment pump.

The sizing of the storage facility (tanks) for the chemicals was based on a typical seasonal storage of
approximately 8000 gallons. For a redundant system, two tanks are to be placed under the pole barn
adjacent to the pumps. This minimum size would provide ample storage until a delivery truck could
refill the tanks. Bulk storage will be used to allow for less material handling and a lower chemical
cost. Also, bulk storage will reduce operator exposure to the chemicals.

5.3.4 Sizing of Settling Ponds

The sizing of the settling ponds was based on several limiting factors:

The width of the pond could not exceed 75 feet from the tops of the banks. This would allow
a long-arm excavator to easily remove the settled material.

A tractor and spreader and semi-truck access to load the precipitated waste sludge limited the
turning radius of the berms.

The average velocity of the flow through the pond must be slow enough to allow for a 4 hour
detention time throughout the flow profile.

The ground elevation on the berms and treatment area is 33.0 feet NGVD. Therefore a
maximum operational elevation of 30.5 feet NGVD was selected. The resulting operational
depth of the pond under 8000 gpm will maintain a 1 foot freeboard.

The operational depth of the settling pond was only limited by the 2 to 1 side slopes.
Approximately half of the pond will remain inundated with groundwater during normal
operation. The groundwater will aid in reducing the re-suspension of flocculants during high
flow events.

The settling pond was sized as indicated on the design plans to meet the horizontal velocity (de